lateral accessory pathways (APs) by radiofrequency energy applied at the epicardium through the coronary sinus wall using a unipolar configuration.
Methods and Resuls. In an overall group of 212 patients with left lateral APs, multiple endocardial ablation attempts of the AP were unsuccessful in eight patients. The mean+SD cumulative duration of previous attempts was 12±9 hours, using DC shocks and/or radiofrequency energy applied both at the atrial and/or ventricular AP insertions. Epicardial AP insertion was determined by bipolar and unipolar unfiltered distal electrograms by scanning the coronary sinus with a steerable 6F or 7F catheter with a 4-mm distal electrode. The local atrial to ventricular electrogram amplitude ratio was 03-1.6. At the ablation site, the catheter tip was slightly deflected toward the annulus to increase both the ventricular component of electrograms and contact with the epicardium. In four patients, epicardial electrogram timings were earlier than endocardial ones. The AP was ablated in seven of the eight patients with 20-30 W applied for 10-60 seconds. No complications occurred except a marked nonspecific pain during radiofrequency energy application; however, the catheter remained adherent to the coronary sinus wall, and its withdrawal was performed during a new radiofrequency application to decrease the risk of coronary sinus rupture. After ablation, echocardiograms, coronary artery angiograms, and levophase coronary sinus angiograms showed no abnormality in all patients except two who had a probable mural thrombus in the coronary sinus. AP conduction remained abolished for 1-10 months of follow-up in seven patients.
Conclsions. Radiofrequency catheter ablation of left lateral APs can be achieved effectively and relatively safely via the mid or distal coronary sinus when endocardial approaches are unsuccessful.
(Circulation 1992;86:1464-1468) KEY WoRDs * catheter ablation * accessory pathway * coronary sinus E ndocardial radiofrequency catheter ablation of accessory pathways (APs) is now the primary nonpharmacological therapy for patients with tachycardias related to the anomalous pathway.' The available data indicate a success rate of endocardial ablation of 85-98% irrespective of the mode of ablative energy, the catheter approach, and the targeting of atrial or ventricular AP insertion.2-12 Ablation failure may be due partly to the epicardial insertion of the AP, particularly in their most frequent anatomic location, the left lateral. Epicardial catheter ablation of left lateral APs through the coronary sinus using DC shocks has been reported by Fischer et al. '3, 14 However , the limited success of low-power shocks and the risk of coronary sinus rupture using larger shocks led to the abandonment of this technique. The feasibility and relative safety of radiofrequency catheter ablation in the coronary sinus has recently been demonstrated in canine experiments.15-'8 This technique was used in eight consecutive patients with left lateral APs in whom multiple endocardial ablation attempts had been unsuccessful.
Methods

Patient Characteristics
The patients included were among 212 consecutive patients referred for radiofrequency catheter ablation at both institutions between January 1991 and March 1992. There were six men and two women with a mean±SD age of 47±15 years. All patients were symptomatic. A mean of 4.4±1.0 drugs had been ineffective or discontinued because of side effects. No patient had evidence of structural heart disease. Four patients were referred from other centers in which one to three catheter ablation attempts had been unsuccessful. The other four patients had previously undergone one to five unsuccessful attempts at DC shock and radiofrequency catheter ablation of the AP in our centers. The ablations had been attempted through an aortic approach in all patients and through a patent foramen ovale in four patients. The mean cumulative duration of previous attempts was 12±9 hours. 
Catheter Ablation Technique
The ablation procedure was performed after informed consent was obtained. One or two 6F quadripolar catheters (Bard Electrophysiology) were introduced percutaneously through the right femoral vein and placed simultaneously or subsequently in the right atrium and the right ventricle. One 6F hexapolar or octopolar catheter with an interelectrode spacing of 2 mm was introduced through the left subclavian vein and placed in the distal coronary sinus. The catheter used to apply radiofrequency energy was a 7F (Mansfield-Webster) or 6F (Bard Electrophysiology) quadripolar catheter with an interelectrode spacing of 2 mm, both with a 4-mm-tip electrode and a deflectable curve. The intracardiac bipolar electrograms were recorded with a polygraph VR12 (Electronics for Medicine, Pleasantville, N.Y.) and filtered at 30-500 Hz. Unfiltered unipolar electrograms were obtained on surface ECG channels of the VR12 recorder.
Precise mapping was then performed in the coronary sinus, using the earliest atrial activity during reciprocating tachycardia or the earliest ventricular potential relative to the delta wave onset. In all patients, the catheter could be advanced sufficiently far into the coronary sinus to bracket activation at the mid electrodes so that more distal and proximal electrodes recorded later activation timings. The optimal bipole was used as the reference. AP location is described according to Gallagher's classification19 in Table 1 . A coronary artery angiography was performed in the four patients with the most distal AP locations. In one left anterior paraseptal and two left anterior APs, the pathway was located in close proximity to the left anterior descending coronary artery and left circumflex coronary artery, respectively (Figure 1 ).
In five patients, the ablation catheter was introduced by a femoral approach into the coronary sinus alongside with the reference catheter. In three patients, the reference catheter hindered the introduction or manipulation of the ablation catheter; it was then removed, and only the ablation catheter was introduced into the coronary sinus. The optimal site was determined as that showing the shortest atrioventricular (AV) time in patients with concealed APs. In patients with overt APs, we sought the earliest bipolar and unipolar ventricular potential relative to delta wave onset associated with a QS pattern of the unipolar ventricular waveform.5 The absence of contact between the ablation electrode and the electrodes of the reference catheter was ascertained both by a visual inspection on different fluoroscopic views and by the absence of artifact potentials on the recordings. Immediately before delivering energy, the tip of the catheter was slightly deflected toward the annulus to increase the ventricular component of the electrograms and improve tissue contact. The position of the catheter tip was confirmed both in right and left anterior oblique views (Figure 2) .
Radiofrequency energy was delivered as a continuous unmodulated sinus wave output. The generator was the HAT200 (Osypka, Germany) delivering a 500-kHz current between the distal electrode of the ablation catheter and a 110-cm2 cutaneous patch electrode placed over the left scapula. Radiofrequency energy applications of 20-30 W were delivered for 10 seconds either during reciprocating tachycardia or preexcited sinus rhythm. When a similar mapping result was found along several millimeters, the first ablation site was the most distal. If AP block was not obtained, the catheter was slightly withdrawn. If AP block was obtained, the energy was delivered for 60 seconds unless an impedance rise occurred. A surgical team was on standby during the procedure for emergency pericardial drainage in case of perforation.
Patients received intravenous heparin (1 mg/kg body wt) immediately after the ablation session. A single blood sampling for cardiac enzyme levels was performed 6 hours after ablation. An echocardiogram was obtained just after the procedure and between days 5 and 7 in each patient. Coronary artery and levophase coronary sinus angiograms were performed immediately after ablation in six patients and 1-4 months later in six patients (including the two who had not had this examination). An electrophysiological study was performed on day 7 or 8 in seven patients. A long-term electrophysiological study was performed in six patients at 1-4 months after ablation. No anticoagulant drug was prescribed for any patient after discharge. Results
Effects of Radiofrequency Energy
A median of four applications was performed (range, one to 11). In five patients, one or more energy appli-RF FIGURE 1. Fluoroscopic views of coronary sinus catheter position relative to the coronary arteries and effects of radiofrequency application in patient 4 with a concealed left anterior accessory pathway. Upper panels: Right anterior oblique 300 and left anterior oblique 600 projections. In both views, the ablation catheter (arrow) is in the anterior segment of the great cardiac vein, very close to the left circumflex coronary artery. Lower panel: Application ofradiofrequency (RF) energy (arrow) interrupts an orthodromic reciprocating tachycardia after 3.5 seconds. The last QRS complex of tachycardia is not followed by a retrograde P wave as evidenced by comparison with preceding complexes (arrows). cations were discontinued due to an impedance rise. Ablation was successful in seven patients and unsuccessful in one patient. The successful applications interrupted AP conduction in 1-6 seconds (Figure 1 ). Characteristics of successful applications are shown in Table   1 . The atrial to ventricular electrogram amplitude ratio was 0.3-1.6. Electrograms at the successful site showed ventricular timings similar in three patients and earlier in four patients than those recorded at the unsuccessful endocardial sites (during previous attempts). A QS pattern of the unipolar ventricular waveform was recorded in all patients with overt APs. The bipolar main ventricular potential occurred 11±4 msec before the delta wave onset.
Anterograde and retrograde AP block were confirmed 30 minutes after ablation in patients 2-7. In patient 8, preexcitation resumed 10 minutes after the last radiofrequency application but AP conduction was significantly modified: No retrograde conduction was observed, the anterograde AV time was prolonged by 20 msec, and the minimal preexcited RR interval in atrial fibrillation was 380 versus 200 msec at baseline. In this patient, preexcitation spontaneously disappeared within 18 hours. Success was confirmed in studies on day 7 or 8 in patients 2-8.
Complications
Radiofrequency energy applications were painful in all patients. The pain was nonanginal and was described as localized, nonirradiating, sharp, not worsened with respiration, of more severity than that occurring with endocardial ablation, and only lasted during the delivery of energy. The intensity of the pain was severe enough in patient 5 that energy could not be delivered for more than 15 seconds. None of the patients had changes in ST segment during energy application despite continued pain. In six patients, the ablation catheter remained adherent to the coronary sinus wall after one or more applications despite significant mechanical tractions. In one patient, this led to a transient disappearance of preexcitation. The catheters were withdrawn during a new energy delivery by using a slight mechanical traction to decrease the risk of vein rupture, we assume through burning residual interface adhesive tissue. Echocardiograms showed no wall motion defects or pericardial effusions. Coronary artery and levophase coronary sinus angiograms showed no abnormality in four patients. In two patients, the coronary sinus had lumen irregularities in the region of the ablation site, suggesting the presence of a mural thrombus. Neither ventricular arrhythmia nor changes in blood pressure occurred during radiofrequency energy application. Creatine kinase MB fraction level was 25±7 IU/1 (normal, <25 IU/1) 6 hours after procedure. Follow-up AP block was persistent in patients 2-8 during a mean follow-up of 5±3 months (range, 1-10 months) and was confirmed by a new electrophysiological study in six patients. Coronary artery and levophase coronary sinus angiograms showed no abnormality in five patients and the persistence of a probable venous mural thrombus in one of the two patients.
Discussion
This study demonstrates the feasibility and relative safety of epicardial radiofrequency ablation of left lateral APs via the coronary sinus or great cardiac vein. The technique was successful in seven of eight patients in whom the conventional atrial or ventricular endocardial approaches had been unsuccessful. In these patients, the coronary sinus could be catheterized until the point of AP insertion using commercially available catheters. In patients with a small vein diameter, the use of smaller catheter electrodes would be expected to more readily reach the AP.
This new technique was thought to be suitable because of favorable results in experimental studies and an estimated similar risk to alternative therapy options, i.e., catheter ablation after transseptal catheterization4 or surgical ablation. Experimental studies were the basis for our application of this technique.15-18 These investigations showed both in animals and postmortem human hearts that radiofrequency energy delivered through the coronary sinus produces lesions extending to the left atrial and ventricular myocardium. Most important, neither rupture of the coronary sinus nor occlusion of the main coronary arteries was observed. However, damage to coronary artery branches or asymptomatic occlusion of the coronary sinus was found in some animals with chronic conditions. Similarly, a low incidence of intimal involvement was reported after use of more injuring ablative energies with high energy'3"14 or recently, low-energy nonarcing DC shocks.20 Nevertheless, we were concerned about the possibility of coronary artery or venous damage and have taken precautions to reduce this risk. Impulses were not delivered for more than 10 seconds at each unsuccessful attempt. The use of a reference catheter, although not necessary for success, facilitates a precise incremental repositioning of the ablation catheter if needed to minimize the number of unnecessary impulses. In our study, no major complication was observed, but two side effects could potentially be dangerous. First, a probable s I l mural thrombus was noted at the venous angiogram in two patients. Second, an adherence of the ablation catheter to the coronary sinus wall was noted. However, the catheter withdrawal was easy because of a simultaneous energy delivery. This adherence may be avoided by using lower powers or by monitoring the electrode tip temperature. Both side effects clearly suggest the vascular risks of the technique, as also exists with ablation performed in the coronary sinus ostium.89,1 Last, the risk of developing late arterial sclerosis or coronary sinus occlusion is unknown and necessitates long-term monitoring.
Given these uncertainties, the technique described here must be considered only in experienced centers if the conventional endocardial approaches are unsuccessful. The availability of this technique would not only increase the success rate of radiofrequency ablation but also would avoid surgical ablation in this group of patients. Future technical refinement would improve its safety and widen its indications.
